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Abstract

THE FUNCTIONAL STRESS ANALYSIS OF
POST REINFORCEMENT

by Robert V. Bravin, D.D.S.

Research was undertaken in order to functionally test

the reinforceraent capabilities of several commonly used,
standard manufactured posts.

One hundred and ten maxillary

lateral incisors v;ere mounted in plastic, reinforced with
the posts at different levels, and then restored with

standardized crowns.

These teeth along with control groups,

were then placed in a custom, mounting jig wliich properly

positioned ,them for the stress testing.

The forces required

for fracturing these teeth were recorded and subsequently
analyzed.

The statistical analysis of the experimental results
demonstrated that posts do not reinforce teeth as supposed;
they may, in fact, weaken them.

Analysis also demonstrated

that the depth of post insertion is a significant factor in
support, as is the remaining dentin thickness between the
post apex and the outer surface of the root on the mesial

and distal.

Of all of the posts and depths tested, none came

close to the natural tooth and few supported loads as well
as endodontically treated intact teeth with no reinforcement.

The best approximation of support came from Para-Post system

reinforcement, placed at the 10 mdllimeter depth.

The use

of a reinforcing rod in intact teeth was found to be a
needless procedure,
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CHAPTER 1

INTRODUCTION

Throughout recorded history, man has mutilated,
decorated, and adorned his teeth.

In like fashion, teeth

have played an important part in the practice of magic.
Inspired by vanity, fashion, generosity, mystical and

religious ideas, man has inflicted wounds and mutilation
upon his teeth.

For the most part, however, ancient dental

appliances were of a prosthetic nature.

Teeth, both natural

and artificial, were screwed, ligated or otherwise attached

to remaining teeth.

The later custom of covering teeth with

gold became indicators of worldly wealth, and these capping
procedures were carried out irrespective of the natural
tissues involved.

Since the advent of recorded dental literature, the

profession has centered on the preservation or replacement
of natural teeth with biologically acceptable materials and
methods.

As more sophisticated developments occurred, it

became possible for the general practitioner to rebuild and
maintain many more decimated teeth.

The esthetic appeal,

created by devices used in the anterior of the dental arch,

made people acutely aware of the possibilities of saving
teeth.

Hand in hand with the development of esthetic

anterior restorative materials, went the development of
intracanal anchoring devices.

Many materials and methods of post preparation have been
described, but these did not become biologically acceptable
until the advent of predictable endodontic therapy.

Since

the acceptance of sound endodontic procedures, the use of

intracanal devices has become an integral part of restorative
procedures.

The purpose of this experiment is to functionally test
several common post techniques using standardized, manu
factured posts.

The majority of scientific literature, to

date, on posts describes the retentive characteristics of
various styles of posts and cementing mediums.

The length

of posts, design efficiency and "rules of thumb" concerning
posts and their stress transmissions have yet, to my

knowledge, to be studies in any quantitiative manner.

In

this study, the Para-Post System (a parallel sided,
serrated post), The Endodontic Dowel and Sleeve (a tapered
post), a reinforcing rod (a parallel sided, smooth post),

and the Kurer Post System (a threaded post system) will be
functionally tested in maxillary lateral incisors with
respect to each other, as well as with respect to untreated
lateral incisors and to endodontically treated lateral
incisors with intact crowns and no reinforcement.

The

primary objective of these tests will be an analytic
observation of these posts and their potential for

reinforcement of endodontically treated lateral incisors.

CH.APTER 2

REVIEW OF THE LITERATURE

Dental history demonstrates that the dowel core crown

has been in use almost as long as the techniques of dentistry
have been recorded.

Kirk (1923) states that Pierre Fouchard,

considered the father of modern dentistry, made many improve

ments in dental prosthesis.

There may have been many other

dental practitioners who practiced with the same clinical
excellence, but they did not record their work as he did in
Le Chirugien Dentiste (written in 1723, published in 1728
with 40 plates, revised in 1796 with 42 plates).

He

practiced in Paris and was without doubt active in fixed
partial prosthesis, using appliances ranging from one tooth
to nearly a whole set. He used what he called "tenons",
which in reality were the first dowels, or pivots, screwed
into the roots to retain some of his bridges; it is

possible that he may have been the first to attach dental
bridges to tooth roots by these methods.

Fouchard, having been the first dentist to record his
techniques, recorded using pivots for securing crowns to
roots.

The use of pivots, early dowels, appears to have

remained common practice until the appearance of "Dental
Cosmos" in the 1850's, when recorded dental meetings were

published. Taylor (1860) suggested that the insertion of

pivots were becoming less frequently employed because of
abscesses of the gums, but that these were caused by hastily
made teeth with ill-fitting pivots.

White (1861) suggested

that care in manipulation and sequential treatment of the
roots would prevent the "awful swelling of the face" so
common after the insertion of pivot teeth.
After the advent of regularly published dental
literature, articles concerning the use of pivots became
common.

M'Quillan (1863) suggested the use of "osteodentine"

in resetting pivot teeth which had decayed around the pivots.
The literature further discusses the use of wood (hickory),
rubber, platinum, and gold wires as pivots.

Davis (1872)

describes a new mode of pivoting in which a gold built-up
base is ma^e for a porcelain tooth.

This may have been the

origin of the Davis Crown, later modified.

Hunter (1873)

discusses inserting a metal pin into a root and then adapting
a crown to this.

This may have been the first use of a

prefabricated dowel.

Moon (1875) demonstrates patient

concern in his description of the "safety vent" method of
pivoting, in order to allow the escape of gases and to

prevent abscess formation.

Kingsley (1879) describes an

operation by Richmond in which he solders a base for a
porcelain crown to be inserted on a pivot.

By 1887, Storer

had publicized the use of the Richmond Crown as a
standardized technique.

Balkwell (1885) of Plymouth,

England had porcelain molars manufactured for insertion on
pivots.

Technique sophistication became more and more

apparent as articles appeared, such as one by Storer (1890)
in which he describes a feathered pivot.

This was the first

dowel to incorporate a spline to prevent rotation of the
dowel in the root, which he described as very "embarrassing".
Throughout the 1890's, the sophistication of appliances
centered on the mechanical areas.

These advances were

lauded by their clinical innovators at the local dental
meetings.

The use of the slotted dowel crown by Rynear

(1891) and the tube dowel crown by Heckard (1898) are but
two of these advances.

Goslee (1901) in a review entitled

the "History and Development of Crown Woi-k", discusses many
of these types of crowns and dowels.

He pointed out that

many of the crowns, the Foster Crown, the Howland-Perry
Crown, the Buttner Crown, et cetera, were siniply improvements

on their predecessors.
and its faults.

Each successive design had its merits

Discussions of the relative uses of each

were carried on at length as the literature will attest.
Teague (1908) began a change in attitude toward post

crowns.

He deduced that a large post was needed in order to

fill the canal space, and that a wire was simply inadequate
as a post.

Crossland (1908) furthered the scientific

thinking concerning crowns.

He surmized that the tenacity

of the cement used for the insertion was less than ideal,
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and that the surface area involved in cementation must be as

large as possible in compensation.

To increase the area, he

suggested using dowels as large as feasible with a precise
fit.

Scientific thinking about dowels resulted in early
criteria for dowel adequacy.

These criteria were, of

course, empirical, but they did withstand the "test of time"
McAfee (1912) discussed several tenets that still remain
true.

He advocated a long, tapered dowel, a ferrule for

crown and post support, and the use of a "disjointed"
crown (a crown that is separate from the dowel).

By 1916, the lost wax casting method was popular and
employed successfully in the making of individual crown
bases.

Gardner (1916) discussed the advantages of the cast

base dowel crown over the ground joint and shell crowns.

His concern was for proper fit to maintain the health of
the mouth.

Critical evaluation of dowel procedures were being
recorded as well as the technical side of procedures.

Sage

(1917) carefully pointed out several grave "blunders" in

canal preparation for dowel reception.

His complaint was

related to the overly large size of pins being used.

This

complaint was the end of the full pendulum swing begun by
Teague in criticism of too small a dowel in 1908.

Articles about dowel crowns were infrequently published

in the ensuing decade in the United States, due to the
-impact of William Hunter's paper describing his Focal

Infection Theory, published in 1918.

The impact of this

paper, although a castigation of restorative dentistry, and

its "gold traps of sepsis", centered on the current endodontic
practices.

Since use of dowel cores implies some form of

endodontic therapy, their use declined until endodontics

became popular once again.

Articles, however, continued to

be published in numerous journals in other countries, where
Hunter's theory had a different impact.

Technical articles

such as Wood's (1927) development of a depth gauge for posts,
and an article concerned with crown posts in enlarged

canals (1923), appearing in the British Dental Journal,
exemplify that ingenuity over the problems of posts was
still in force.

Several American dentists carried through in the use

of posts, often at the disfavor of their colleagues, such
as Callahan (1914), Johnson in 1927, and Lentulo in 1929

(Ingle 1965).

After the interim years, the use of dowels

returned slowly to popularity as the modern science of
Endodontics proved in large degree that procedures and

techniques merited consideration in the light of acceptable
health practice.

The use of dowels, beginning with Sinclair (1933), was
now entirely different than before.

All of the technical

articles dealing with construction procedures revolved
around the use of cast gold posts.

Articles, as Adelson's

(1935), Trigger's (1935), Staff's (1939), and Guttler's
(1943), gave excellent methods for fabrication of cast

dowels.

Concern over careless techniques, however, were

still in evidence, and played an important role in reestablishment of the dowel as a healthful appliance.
Chernoff (1943) devoted his entire article to describing
techniques whereby a precise fit could be obtained.

Techniques, such as these, antiquated the swaging and
fitting methods that were popular prior to the focal
infection theory era.

Stevens (1945) described a new technique using acrylic

resin for dowel crown construction.
procedures to the use of cast posts.

Thus began alternative
Articles now began to

appear proporting use of acrylic for posts.

Meyer (1950)

used a standardized type of steel post fitted with an acrylic
crown as an inexpensive type of restoration for fractured

incisors.

Lawton (1951) gave credence to use of a cast core

separate from the crown.

He states that following the

introduction of tooth-colored acrylic resins in 1941, many
articles appeared regarding their applications to
conservative procedures.

About the same time, supplies of

detached Davis Crowns became inadequate and many techniques

for acrylic crown fabrication were devised.

Most used

prefabricated dowels with processed acrylic crowns.

The

esthetic results were excellent, but many were short lived.
The crowns broke away, alv/ays leaving the post in place,

resulting in a difficult situation, at best.

Either the

post had to be removed, or a new crown had to be fitted to
the projecting portion of the post, and cemented in place.
Since the dangers and difficulties of removing a post were
described aptly by Osborn (1945), the preference was for the
second alternative; i.e., to fit a new crown to the old

post.

Since use of the o'ld post was necessary, all of the

stresses originally present were still there, in addition
to the weakness of a cement lute to the new crown.

Lawton,

therefore, proposed that use of a cast core would permit
replacement of a crown if necessary.

This procedure has

now almost become universally accepted.

Use of acrylic and prefabricated posts still remained
popular for temporary and inexpensive restorations.

Daily

(1954), Atencio (1955), and Demas (1957) all wrote articles
describing these procedures.
Makinson (1956) wrote of the use of hydrocolloid for

making indirect post crowns.

It now became possible for

posts to be made by laboratories at their leisure, instead
of at times demanded by direct fabrication techniques.

The 1957 Dental Clinics of North America suggests that

posts are advantageous for the retention of crowns used to
restore fractured anterior teeth.

Barak (1958) describes a

technique using a broken off burr as a post used in the
immediate restoration of a fractured, devitalized anterior
tooth.

Sicklemore (1959) listed common causes of post crown
failure due to inherent weakness.

Improper root canal

therapy was a cause of periapical abscess and pathology,

causing post failure.

Post fracture, he stated, was the

most common failure.

Only by use "of irido-platinum con

taining at least 20 percent of platinum could fractures be
avoided".

Of the available alternatives (stainless steel,

wire alloys of gold, copper, and silver, platinized gold,

and cast gold) the least favorable was the cast gold due
to its inherent brittleness.

The overtapering of posts,

and the possibility of perforation due to overpreparation,
in the case of parallel sided posts, were also cited as
weaknesses.

Posts over 5.5 mm were more retentive when

their taper was 3.5 degrees rather than 4.0 degrees.

Taper

of posts made no difference in retention if the post was
shorter than 5.5 mm.

Hamilton (1959) decided that the porcelain crown, not

new by any means, was still superior to acrylic resin, due
to several advantages:

1..

The crown could be seated and cemented in

one appointment.

2.

There was no gold core to modify the shade
of the restoration.

3.

Added strength due to a large bulk of porcelain.

A tube tooth was modified for this purpose.

This was a

modern use of a tube tooth, and recalled shades of Heckard's
use of tube teeth in 1898.

Articles still professed that failures were due to

inadequate size of post, and due to shortness of posts.
Such ideas were spoken by Rose (1959).

Steiger and Boitel

(1959) produced one of the first studies on the "conicity"
of posts.

They determined that with more than 2 degrees of

conicity (4 degrees of taper or convergence) posts were too
easily removed.
Baker (1960) observed that there were no standardized

tooth preparations for dowel preparation.

He, therefore,

proposed several guidelines for adequacy.

"The dowel should

engage from two-thirds to three-quarters of the length of

the root.

Also, the dowel must be of 13 or 14 gauge for

strength; threading would be better for retentive purposes.
Parallel walls would aid retention, in addition to the
threads."

Along with the above guidelines, Rosen (1961) put
forth several theories concerning pulpless teeth and their

restorations.

He stated that pulpless teeth had many

characteristics in common:

1.

Pulpless teeth are brittle.

2.

They possess little or no coronal tooth
structure.

3.

They possess a lowered decay resistance.

He further proposed that operative procedures would

reinforce the tooth to give the necessary "strength to
withstand mastication".

He called the post the "Crutch

and Brace" for pulpless teeth.

He also expounded the

theory that molars also needed posts for reinforcement

{interlocking posts to be used for divergent canals).

No

scientific evidence was cited for these conclusions,
however.

Baumhammers (1962) presented a simplified technique
for cast dowel crowns.

His aim was to conserve time and

make these procedures easy for the clinical dentist.

Holt

(1962) further wrote of concepts for easy fabrication of
anterior post crowns and of their application to modern
dentistry.
Ward (1962) discussing current ideas in post-crown
treatment, stressed that materials used for canal obliter

ation should be easy to remove if posts were contemplated.
Silver points should be sectioned for this purpose.

He

then compared and contrasted the three major preparations

for root contouring for cast posts.

Richards and Brodtmann

(1962) discussed the coronal aspects of design of the cast

Baker (1963) reviewed the current methods employed in

restoring nonvital teeth.

He gave the following indications

for post use, still considered current:
1.

Discolorations from drug stains or organic
decomposition which will not lend them

selves for bleaching.

Complete crown with

post support is indicated.
2.

Gross loss of tooth structure, alternative

restorative procedures impossible.
3.

Potential use of teeth as abutments, the

post adding strength to the crown in favor
of a more conservative retainer.

4.

Anterior malposed teeth where orthodontic
correction is not indicated due to age.

Gernstein and Evanson (1963) wrote of cast precision

tapered dowels, fabricated from impressions of precision
shaped canals.

This article may have been a prelude to

subsequent work by Gernstein and Burnell (1964) in which a
precious metal dowel, corresponding to the then new
standardized sizes of files and reamers, was fabricated.

Suggested dowel length was from three-fourths to four-fifths
of the root length for proper retention.
accept a gold casting after investment.

This metal would

Green proposed planning for post treatment prior to
filling the canal with silver points.

The break-off method

of insertion left an undisturbed seal of the canal at the

time of post preparation.

Burnell (1964) suggested that he preferred a dowel

length of four-fifths of the root for short teeth.

He then

stated that the established rule of a length of "at least

as long as the gingivo-incisal length of the restored crown"
couldn't, in his opinion, always be adhered to in the case
of short roots.

Silverstein (1964) expressed his desires

for use of a post-core with a detached crown and gave an
excellent method for their fabrication.

Further articles

in 1964 by Picard, and by Gentile in 1965 present variants
of the post-core techniques for practical consideration.
In 1965, the role of endodontics in reconstruction
was discussed, for the first time, by an Endodontist.

Seltzer (1964) wrote, "Endodontic therapy can never be
divorced from occlusal reconstruction", and lauded its use

in concert with a periodontal therapy to "open new vistas
in the never ending struggle to preserve the natural
dentition".

He also stressed the strategic importance as

a priority, singling out all cuspids and most distal molars
in the arch.

Third molars in a complete dentition were

excluded, of course.

Charlton (1955) proposed the use of prefabricated,

wrought, stainless steel posts, but its expense prevented

its acceptance.

Yuodelis and Morrison (1966) suggested the

use of precast, high fusing, precious metal dowels that
match the size and taper of standardized reamers and files

for restoring anterior teeth and bicuspid teeth.

This

would eliminate the necessity for long posts, or posting
instruments that parallel the root structure, greatly

reducing the change of fracture or perforation.
Larato (1966), in order to conserve chair time, reverted
to an accurately cast post and crown as a single unit, but

the separate core idea was, by far, the most widely accepted
technique.

Christy and Pipko (1967) advocated a dual-post,

consisting of a high-fusing precious metal dowel, to
eliminate the fracture problems inherent in cast gold, and

a cast gold core, cast onto the dowel.

The Dental Clinics

of North America (1967) point out the advantages of a

separate core under a crown for reasons of the subsequent
possibility of crown breakdown, necessitating crown re

placement.

Dooley (1967) further reinforces this concept

by stating, "The post and crown should never be cast as

one piece...as an insurance in case the crown has to be
remade even many years later".

McLean (1967) suggested the use of high alumina
ceramics veneered with aluminous porcelain to make an

alumina-tube post crown.

This material, he stated, had a

5:1 increase in strength over conventional porcelain, as

used in bridge pontics.

A further innovation in 1957 was

the introduction of the Kerr "Endo-Post".

These originally

were stainless steel posts with serrated ends that matched
the standardized file numbers from 70 to 140.

This

innovation was discussed in The Iowa Dental Journal in
1968.

Colley, Hamplen and Lehman (1968) proposed the first

published study concerned with the most desirable shape,
length and surface for crown posts.
pull for their method of testing.

They used a tensile

Their results show that

parallel sided posts with serrated surfaces were the most
retentive and that smooth tapered posts were the least
retentive depending on taper.

They confirmed the results

of Steiger and Boites in 1959, demonstrating that posts

longer than 5.5 mm were more retentive if the angle of
convergence was 3.5 degrees instead of 4.0 degrees.

Also,

if the conicity is 4.0 degrees or greater, the post is
removed too easily.

In 1967 and 1968 Kurer, in England, published works

describing an original anchorage device utilizing a tapping
screw to cut a threaded channel for the final machine

shank-head combination.

The post system was designed to

afford maximum retention via mechanical lock and surface

area contact, particularly in situations which countermanded
the use of long posts.

It was suggested that the eccen

tricities of human preparation, possibilities of errors in
quality control of smooth posts leading to mis-matched
sizes, and lateral pressures upon insertion would.be
averted.

Inclusion of an already fabricated head was

intended to save time in coronal preparation.

The articles

did not mention the critical factor of post length.
Neagly (1969) presented the only comprehensive

investigation, thus far, exploring the effect of post
preparation on the apical seal of endodontically treated
teeth.

Green (1965) only alluded to this in his concern

with undisturbed silver points.

Neagly discussed the effects

of various dowel preparation lengths (4 and 8 mm coronal to
the apex) upon materials such as silver points, guttapercha, and amalgam in retrofilling.

Undisturbed silver

points placed in the "break-off" method showed excellent

sealing qualities, as did laterally condensed guttapercha.

Teeth filled with Schilder's warm gutta-percha

method showed less leakage than others when disturbed.

The

amalgam retrofills exhibited complete leakage, both
disturbed and undisturbed.

The upsurge of endodontic therapy in the late 1960"s
caused an increase in the use of the dowel core, and of

course, an increase in articles dealing with simplified

nsethods of construction.

Dewhirst, Fisher and Schillingburg

(1969) listed the advantages of the separate core in their
article dealing with the fabrication of a cast core from a

duralay acrylic pattern.
1.

These advantages were:

The fit of the margins of the crown is in no
way related to the fit of the dowel.

2.

If for any reason the crown should have to
be replaced, it is a simple matter to remove
the crown and fabricate a new restoration.

3.

An endodontically treated tooth, v/hich is to
serve as an abutment, can be treated as a

typical preparation.
Baraban (1970) introduced the Para-Post system to

simplify the construction of posts.

This system used color-

coded instruments corresponding to post sizes and used posts
of four materials:

plastic.

gold, stainless steel, aluminum and

Sheets (1970) thoroughly discussed the fabrication

of cast dowel cores, and his ideas and demonstrations are

still quite current.

Whiteside (1970) introduced a system

whereby a stainless steel post with casting sleeve is used

to insure the fit of the crown to the post.
now known as the Unitek dowel and sleeve.

This post is

Harris (1971)

described an impression technique whereby both the dowel
and the separate crown could be fabricated from the same

impression, thereby requiring only two separate appointments

for completion.

Harris (1971) presented an effective single

visit endodontic post crown procedure to treat the emergency
fractured incisor.

He advocated that a permanent dowel was

to be placed later.

McPherson (1971) discussed several

techniques combining endodontic and dowel core therapy,
including dowel preparation at the time of filling the
root canals, one-visit endodontics and dowel procedures on

traumatized teeth, and dowel preparation at the time of
retreatment of an inadequately filled canal.
Didea (1971) compared two commercially available endo-

post kits, the Kurer screw posts and the Stutz-pivot, shell
post method.

He rated the shell post system slightly better

than the Kurer, but felt that it needed some refining.

Blair (1971), in the Dental Clinics of North America,
discussed the role of endodontics in restorative dentistry,

and felt that the use of dowels was of prime importance in
restoring pulpless teeth.

He discussed the use of no

single technique, but pointed out that "every possible
means of retention and strength" should be considered for
each individual case.

Perel and Muroff (1972) described the clinical criteria

for posts and cores.

Their rationale stated that since

endodontically treated teeth have endured the ravages of
advanced dental disease, crowning without a post would

predispose the tooth to inopportune crown and/or root

fracture.

They claim that posts and cores circumvent these

problems.

They further state that all single rooted teeth

should be reinforced with posts and that all posterior teeth
should be considered for posts.

Their design requirements

were as follows:

1.

The post must be long enough to prevent
excessive internal stress on the root.

At least half of the length of the root

contained in the remaining bone should
be used as a point of reference.

2.

The diameter of the post must be adequate
to avoid bending the cast gold.

The

lateral limits of the post preparation

are mainly determined by proper designing
of the access cavity.

3.

A positive occlusal seat for the core portion
will prevent wedging action by the post
eliminating a cause of root fracture.

4.

Proper internal adaption of the post will
evenly distribute the internal stresses

without undue stress at one point.
5.

Proper internal adaption will allow for only
a thin, even layer of cement, compensating
for the weakness inherent in the cementing
medium.

6.

The core portion may assume various shapes,

depending upon the amount of sound, solid
dentin which is present coronally.

The

core should replace only that missing tooth
structure which, because of decay, fracture
or inherent weakness, had to be eliminated.

7.

The core portion should be as close to the
ideal as possible to receive the selected
retainer.

8.

The post should be in the direction of the
long axis of the root, even if the core

may have to deviate from this because of the
retainer.

The article suggests use of a cast post and does not
recommend:

1.

Use of one unit crowns and posts because:

a.

seating of the appliance may be
difficult.

b.

removal of the crown may be
difficult.

2.

Prefabricated posts since their use means

that the tooth must be prepared to receive

the post rather than the casting being
designed to fit the tooth.

a.

posts cemented to place may have
interPxal stress points and may
depend on too much cement.

b.

those that are screwed in are of

questionable value because of the
danger of cracking a root.
3.

That multirooted teeth not be reinforced.

They

recommend that molars be reinforced with more

than one post if the tooth is to be used for

anything but a single retainer.
Their summary concludes that a "rationale has been

presented for cast post and core construction based on both
endodontic and fixed prosthetic principles", even though no
scientific evidence is cited to support their conclusions.
Scully (1972) describes a technique for an adequate,

inexpensive post by using the Jelenko Dowel Pin, a brass pin
used to orient dies in fixed prosthesis.

Standlee (1972)

analyzed the stress distribution of posts by photoelastic
stress analysis.

According to this, post design affects

stress distribution.

Stresses tended to concentrate under

the post shoulder, especially if sharp angles were present.
Also ascertained was the fact that the post length should

approximate the length of the anatomic crown.
Hirschfeld (1972) discussed several biomechanical

considerations as applied to post techniques.

He stated

that pulpless teeth have a metabolic process occurring in
them, though to a lesser degree than a vital one:

The

metabolism of the root is higher than the crown due to the
attachment apparatus.

Furthermore, the crown is more

brittle than a normal tooth due to loss of moisture,

although this is unsubstantiated by his own admission.
Because of these characteristics, the mechanical resistance
of the tooth is lowered considerably.

"The post and core

provides the necessary strength as well as proper retention."
Functional stresses are transferred from the coronal part,

through the post and core, to the root and the supporting
bone.

Post length is extremely important in achieving

adequate resistance.

Harty-and Leggett (1972) suggested that a wrought
nickel-cobalt-chromium post (the Wiptam technique) would

be an easy, suitable way to m.ake dowels.

This wrought

metal is far stronger than a cast post and can be cast to
with chrome-cobalt so as to have the advantages of a cast
post.

Sladek, Irving and Hall (1973) reviewed the history of

posts briefly and then discussed many of the current methods
of posting systems.

The Kurer system, the Para-Post system,

and the Cagoprex Method are discussed.

The Cagoprex system

uses iridium-platinum pins, that match the spiral drills,

adapted with duralay resin.

Gold is then cast to the pin.

stern and Hirschfeld (1973) again reported on the
biomechanical aspects of endodontically treated teeth,
reaching the same conclusions as did Hirschfeld in 1972.

Hannah (1973) described use of nylon bristles sized to
match straight fissure burrs as a prefabricated pattern
for parallel sided post core fabrication.

Pokorny (1973)

stated that the most important cause of dowel core failure
was the inadequate length of a post.

Zak (1974) proposed

use of a broken off silver point as a canal seal leaving
the coronal part of the canal ready to accept a post.

Hansen and Caputo (1974) reported on the cementing
mediums and retentive characteristics of dowels.

Using a

tensile strength recorder, they concluded that the .06 inch
diameter Para-Post exhibited the highest retention for all
cements, and with embedment times of seven days or longer,

there was no significant difference between cements according
to retention values (cyanoacrylate cement was most retentive
for all dowels at 1.5 hours).

The retention values increased

with increasing time for all dowels.
It is evident from this review that scientific papers

concerning dowel cores are few and far between.

The majority

of papers deal with clinical observations and criteria based
primarily on empiricism.

Many of these criteria, however,

seem to have withstood the test of time, and are considered
acceptable clinically.

Several of the papers cited in this review present

concepts of post function that are important to this paper.
Hirschfeld (1972) summed up the concepts best when he said
that because of the lack of moisture, the crown of an

endodontically treated tooth is more brittle than a normal
tooth.

The resistance of the tooth is, therefore, reduced

considerably, and the "post and core provides the necessary

strength as well as proper retention".

Rosen (1961)

believed this also when he stated that the post was the
"crutch and brace" for the endodontically treated tooth,
and reinforced the tooth considerably.

The length of the post seems to be an overwhelming
concern in design.

Baker (1960) writes of two-thirds to

three-fourths of root length as acceptable.

In accord are

Gerstein (1964), Christy and Pipko (1967) and Pickard

(1964).

Burnell (1965) advocated a post hole four-fifths

of the root length.

Rosen (1961) and Kooley (1967)

recommend a post hole length equal to the gingivo-incisal
length of the clinical crown.

The design requirements,

other than length, are well presented by Perel and Muroff
on page 20 of this review.

The metallurgy of posts is of

considerable controversy in the design of appliances,
however.

Perel and Muroff (1972) prefer a cast post

exclusively, while others, such as Sickelmore (1959),
disagree.

Scientific research of posts seems to have centered

mostly in the area of post retention.

Studies by Steiger

and Boites (1959) and by Colley, Hamplen, and Lehman (1968)
support each other in their assessments of the taper of

posts in relation to retention.

Hansen and Caputo (1974)

studied the relation of cementing mediums to retention.
Dewhirst, Fisher and Schillingburg (1969) listed the
advantages of a separate core, and this concept has become

universally accepted as a standardized technique.
The vast majority of papers are concerned with

individual techniques of dowel fabrication and design of

devices.

These papers incorporate the functions of a post

and its ideal characteristics into a myriad of devices both
custom made and prefabricated.

It is apparent from the literature review of post

procedures that scientific testing concerning dowel cores
has been limited mostly to tensile pulls on cemented posts.
Results of these experiments demonstrated the retention of

posts, an important consideration for restorative procedures,

No testing, however, has yet been attempted on the lateral
forces that posts must withstand.

The purpose of this

experiment is to stress common, prefabricated posts, placed
in maxillary lateral incisors, with natural occlusal forces

directed along functional incisor alignment.

In order to proceed with the experiment, several

aspects of maxillary lateral incisors must be considered.
Among these are the mechanical properties of dentin, the
occlusal forces born by lateral incisors, and the contact
area and direction of these forces.

The establishment of

these considerations will be important to the method of

the study, and, therefore, a presentation of the pertinent
literature will be reviewed here.

The elastic and mechanical properties of dentin were
studied as early as 1895 by Black where he measured the

compressive strengths of cubes of dentin and reported that
a cube, 0.08 inch square, had an average compressive strength
of 37,000 psi and an elastic deformation of 2.09 percent

when subjected to a load of 100 pounds (elastic modulus ^

0.8 X 10® psi). Peyton, Mahler, and Hershenov (1952)
reported average values of 24,000 psi, 36,000 psi and

1.67 X 10® psi for the proportional limit, compressive
strength, and elastic modulus, respectively.

Stanford,

Paffenbarger, and Kumpula (1957) reported average values
for these properties of 25,000 psi, 50,400 psi, and

4.1 X 10® psi, respectively.

Neumann and DiSalvo (1957)

reported values from 1.1 to 1.7 x 10® psi for the elastic
modulus using large transverse sections of teeth.

Craig

and Peyton (1958), in a critical evaluation of these

previous articles, found the proportional limit to be

24,200 psi, the compressive strength to be 43,100 psi, and a
corrected elastic modulus of 2.4 to 2.7 x 10

psi.

The

compressive strength and the proportional limit agree with
earlier findings, but fev; of the elastic moduli concur.
All of the data above concerning the proportional limit
and compressive strength of dentin was tested again by
Stanford, Weigel, Paffenbarger, and Sweeny (1960) in a
comparison of compressive properties of hard tooth tissues
and some restorative materials.

Their results agreed v;ith

the above data, in addition to some other interesting
findings:
1.

The values for the three compressive properties
of dentin are not affected by the type of
.tooth or the dentin orientation v/ith respect
to tubule direction.

2.

No significant differences were found in
the compressive properties of root dentin
from vital and pulpless incisors.

3.

The compressive properties of deciduous
dentin are similar to those of permanent
tissues.

Bowen and Rodriguez (1962) studied the tensile strength
and modulus of elasticity of dentin in an experiment in

volving restorative materials and their tensile strengths.
The tensile strength, although proported to be the same as

the compressive strength, was found to be 7,500 psi, a lower
value than anticipated.

The elastic modulus, in tensile,

v/as 2.8 X 10^ psi, a value similar to the elastic modulus
in compression.

Lehman (1967) further studied the tensile

strength of dentin.

His conclusions were similar to those

of Bowen and Rodriguez.

He determined the tensile strength

to be 7,720 psi the first time the dentin is stressed, but

less if loaded again (6,000 psi).

He attributes this

lessening of strength to a "possible plastic flow" of the
tissues.

The hardness of dentin has also been studied.

Totah

(1942) studied the increase in hardness of dentin on
drying, finding an average increase of 42 percent.

Fusayama and Maeda (1969) studied the effect of pulpectomy
on dentin hardness and found no significant difference
between the hardness of vital or pulpectomized dentin.

The

only effect of pulpotomy was the stopping of maturation in
young teeth.

Hariri, Gedalia, Simidin, and Robin (1974)

determined that fluoride treated dentin had increased

hardness.

It was hard, however, at the expense of strength

due to an increase in brittleness.

Considerable study has been given to the force
characteristics of the masticatory system.

As early as

1893, Black outlined the force capabilities of the natural
dentition, and in 1895, he presented the fundamentals
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which led to further investigation of the force properties
of the human teeth.

Tyleman (1954) reported on the force

characteristics of the natural and restored dentition, and

Klaffenbach (1936) followed with additional studies in
which he mentioned the concepts of a margin of safety,
overload, and functional capacity.

The Tyleman and Klaffenbach studies were supplemented

in 1948 by Manly and Shiere (1950).

Their improvements in

measuring tooth forces with electronic equipment facilitated
obtaining information which, prior to this time, v;as
restricted by the size and shape of gnathodynamic force
measuring instruments.

These investigations v;ere^ able to

measure forces on individual teeth, and their studies have

established the basic knowledge which scientifically

supports the functional force capacities of dentitions.
Other studies related to the character of the force on

human dentition followed.

Klaffenbach's (1936) remark

pertaining to the forces necessary to masticate properly
(26 psi) various dietary articles was amplified by Neumann

(1950) when he suggested that "the most modern staple foods

require little mastication, not from the standpoint of
duration, but from the intensity of the chewing action".
Yurkstas (1952) and Anderson (1953) also studied this

problem, and measured maximum and minimum chewing forces

required for normal dietary foods.

These investigations

supplied much of the gnathodynamic information needed for
understanding the forces involved in the chewing process.
While earlier studies detei-mined the quality of the force
on the dentition, the latter studies established the actual

amount of force needed to masticate specific dietary articles.
Brumfeld (1954), in his discussion of the significance
of the estimated load carrying capacities of bridges,
reported on the pressures exerted by natural teeth.

His

data reported a mean pressure of 55 pounds on the maxillary

lateral incisor with a maximum load pressure Of 90 pounds.
Beke (1967) reported on the margin of safety for forces
on the human dentition.

His conclusion was that where

maximum chewing requirements are concerned, the reserve
masticatory force declines to marginally low values, as in

the anterior part of the mouth.

This margin was based on

a 26 pound maximum chewing force required to masticate any
food.

Yildirim and DeVincenzo (1971) discussed the maximum

opening and closing forces exerted by diverse skeletal types.
The normal dentition, in their opinion, exerted up to 150
pounds.

Garner and Kotwal (1973) correlated incisive biting
forces with age, sex and anterior occlusion, and discovered
that the mean incisive force for a normal dentition was

38.8 pounds.

Gosen (1974) approached the masticatory force

in a different light.

His study showed that the pressure on

maxillary lateral incisors was approximately 56 to 64.8
percent of the forces exerted on the second molars.

This

line of reasoning led Mansour and Reynik (1975) to the

conclusion that there was a difference (by a factor of 9) in
forces exerted on the first molar and the forces exerted on

the incisors.

If the molar exerted a force of 202 pounds,

the incisors would only exert 22.5 pounds.
The above data demonstrates that the average forces

exerted by incisors range from 22.5 pounds to a maximum
value of 90 pounds.

The maximum force necessary for

mastication seems to be 26 pounds.
Incisal guidance is the path on the lingual surfaces

of the maxillary anterior teeth along which the mandibular
anterior teeth glide when a person has a neutro or distoocclusion.

If the anterior teeth are in a mesio-occlusion,

the lingual surface of the mandibular anterior teeth glides
along the incisal edge and/or labial surface of the maxillary

anterior teeth.

Incisal guidance helps control anterior,

posterior and vertical movements of the mandible when the
teeth are in contact.

Ross (1974) states that several factors control incisal

guidance and determine its significance.

They are overjet

(horizontal-overlap), incisal level, labiolingual curve,
and overbite (vertical overlap).

Along with these factors.

the amount of contact area is important, as is the angle of
contact.

The angle at which the anterior teeth meet is extremely

important in considering the horizontal forces placed on
anterior teeth.

Krogman (1951) and Downs (1952) introduced

the use of cephalometrics for diagnosis in orthodontic
treatment.

Since then, many authors have written articles

concerning diagnoses of malocclusions from these films.

A

concept of normal was developed by Steiner i.n 1960 which is •

still taught in many postgraduate courses in orthodontics.
These studies established that in a normal occlusion, the

interincisal angle (the angle of intersection between lines
parallel to the long axes of the maxillary and mandibular

teeth) is established at 131 degrees.

This is the ideal

sought in orthodontic treatment.
The area of contact of lateral incisors in occlusion

is aptly described by Wheeler (1965).

He states that the

maxillary lateral incisor is contacted by the distal half
of the mandibular lateral incisor and the mesial portion of

the mandibular canine.

This contact occurs on the linguo-

incisal ridges on the incisal half of the lingual surfaces.
He further states that the contact area is narrow and the

width of the tooth since the incisors were meant for shearing.
A summary of this review will give us much of the data

to be considered in the experimental design of this project.

1.

■

Compressive properties-:.

A.

Compressive strength:

36,100 to 43,000 psi.

B.

Proportional limit:. 24,000 psi.

C. Elastic modulus; 0.8 x 10® to 4.1 x 10^ psi.
2.

3.

Tensile properties:

A.

Tensile strength: * 7,720 psi.

B.

Elastic modulus:

2.8 x 10® psi.

Hardness increases upon drying, or upon

fluoridation.
4.

-

This also increases brittleness.

There is no difference in dentin after a tooth

is pulpectomized.
5.

Forces on maxillary lateral incisors:

A.

90 pounds;

Theoretical maximum force

the tooth is capable of withstanding.
B.

26 pounds:

The average force for

masticating any food.
6.

The ideal interincisal angle is 131 degrees.

7.

The area of contact is a narrow band of the

linguoincisal ridges on the incisal half of
the lingual surface.

CHAPTER 3

MATERIALS AND METHODS

The maxillary lateral incisor has long been a difficult
tooth to restore when indicated for full coverage.

In

recent years, the bonded porcelain crown has offered highly
successful esthetic results, however, the bulk of tooth
structure removed for this restoration is a significant
problem in many cases.

Removal of one and one-half

millimeters, a minimum, is necessary for proper porcelain
color.

In removing this amount of structure, pulp

exposures often occur in the lateral, which ultimately

leads to endodontic therapy.

The question then arises,

should the tooth be reinforced with a post?

is not reinforced, the crown may fracture.

If the tooth

On the other

hand, if the crown is reinforced, the root may split due
to stresses placed on the post.
Since the bulk of scientific literature is concerned

with the retention characteristics of posts and their
cementing mediums, it is the objective of this paper to
observe several posts and their potential for reinforcement

of endodontically treated maxillary lateral incisors.

In

order to functionally test lateral incisors, research was

undertaken in order to determine the proper angle at which
pressure must be applied, how much pressure must be used.

and where the pressure should be applied to the surface of

the incisor.

The literature yielded the necessary

information;

A.

The theoretical maximum pressure that a lateral

incisor could withstand is 90 pounds.
B.

The average force used in masticating the
average diet.is 26 pounds.

C.

The ideal angle through which the force should
be applied is 131 degrees from vertical.

D.

The area of contact is a narrow band on the

linguoincisal ridges on the incisal half of
the lingual surface.

The pressure used in this experiment is to be applied
by a Dillon Dynamometer, model K, using a compression staging
device and a direct readout gauge.

The use of the Dillon

Dynamometer in this experiment necessitated the design of
some equipment, in order to load the incisors properly.

This model is capable of tensile pulls of up to 10,000
pounds, but for purposes of this experiment, a more

sensitive gauge, accurate to 500 pounds "(+ 2.5 pounds) was

used.

With the addition of a factory staging device, the

instrument is easily converted to a compression testing
machine.

A device was needed, however, to accurately hold

a lateral incisor at an angle of 131 degrees from vertical
and to load the proper area of the tooth with a simulated

incisal edge.

since the machine involved could develop tremendous

compressive forces, it was felt that a simple vise would be
impractical for holding the mounted incisors for tv/o reasons.
The time involved in mounting the teeth at the proper angle

would be prohibitive and the vise might slip under pressure

invalidating the results.

A simple device was designed to

minimize the problems of a vise.

A metal plate was used

with a vertical member attached, on which the tooth could be

accurately mounted.

The plate was of h inch steel and was

4 by 5h inches in size, and the vertical member was of 1 inch
steel, 5 by 4 inches in dimension.

Into the vertical member

a V notch was cut with one side at precisely 131 degrees

from vertical.

This side of the V had a parallel cut Ih

inches below it forming an arm, to which the teeth could

easily be clamped.

With this device, it was only necessary

to mount the teeth in plastic cubes so that the long axes

of the teeth were parallel to the labial axes of the blocks.

Clamping these blocks to the proper side of the V notch
securely positions the teeth at the correct angle with no
possibility of slippage during compression. This device
was of sufficient strength to withstand forces considerably
above those to be used in the experiment.

The device made to secure the teeth for the study

incorporated the most important aspect of the experimental

design, namely, the interincisal angle. The other piece of
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Tooth Mounted in the Dillon Dynomometer

equipment designed required the use of a vertical component
which would be of sufficient strength to withstand the

loading of the incisors.

It consisted of a- 1 inch square

steel bar with a countersunk, three-eighths inch hole used

to accept a 2 inch long, three-eighths inch steel bolt.

This

bolt was beveled to form a 1 millimeter wide edge which

approximates the size of incisal edges of the mandibular
lateral incisor and the mandibular cuspid (the natural

opponents of the maxillary lateral incisor used in the study)
This bar was clamped to the upper meriiber of the dynomometer

stage with the facsimile of the tooth extending downward.
The device, used to position the teeth, could then be

positioned on the lower stage so the stylized tooth could
accurately- contact the lingual surface of the tooth to be
tested.

With these two devices, it became a relatively

simple matter to properly position maxillary lateral

incisors for the purpose of stress testing them in their
natural functional alignment.

POSTS

Several posts were selected for use in this experiment.
The Kurer Crown Saver, the Unitek Endodontic Dowel and

Sleeve, the Whaledent Para-Post System, and a stainless
steel rod made of orthodontic wire.

These posts were

selected because they were examples of different styles

of posts, each of which have proven differences in retentive
characteristics.

They were selected, also, because they are

conimon manufactured posts used in clinical practice.
The Kurer Crown Saver is a relatively new addition to

the Kurer post line.

The post is different because it has

no head fitted to it; it was designed to be used in teeth

that already are restored with crowns.

The diameter of this

post is the smallest one available in the Kurer line and is
1.6 mm in diameter and 16 mm in length.

The sizes of the

Para-Post, the Endodontic Dowel and Sleeve and the wire rod
v/ere chosen so as to closely approximate the size of the

Kurer posts for the sake of standardization of the experi
mental procedure.

The Kurer system is the most retentive

of the posts used because of its precise threaded fit.

The

system uses a drill to prepare a pilot hole, to be followed
by a hand manipulated tap for refining the post hole for
preciseness of post fit.

The post is then cemented at the

time it is screwed into place.

The Para-Post system is a parallel sided post that is
manufactured of stainless steel and is serrated for better

retention.

The number 060 steel post was used and is 1.5 mm

in diameter and 13.5 mm in length.

The system uses a

precisely sized drill to prepare the root into which the
post is cemented.

The reinforcing rod was made of 1.5 nun diameter round
stainless steel wire, and represents the non-serrated

parallel sided post type.

It was not intended to support

a crown, but rather to be inserted through an intact crown
or natural structure in order to reinforce an endodontically

treated tooth that required the endodontic therapy subse
quent to proper restoration.
The Endodontic Dowel and Sleeve is a tapered post

system. It is manufactured of stainless steel and the
diameter of the post is 1.7 mm at the shoulder which

corresponds to the level of insertion into the tooth and
tapers to 1.3 mm at the extreme end.
in length.

The post is 13 mm

The upper 4.0 mm of length (above the shoulder)

is a 1.5 mm cylinder with one side flattened.

Upon this

cylinder fits a sleeve of plastic which may be incorporated
into a wax pattern to provide a precise keyed fit so that
no rotation of the crown can occur.

The size 130 post was

used and this corresponds to a size 130 standard endodontic
file.

All posts were cemented to place with Fleck's Zinc
Cement into flat rootface preparations.

At this point we

must acknowledge the existence of varying rootface

preparations, depending on a given clinical situation.
Christy and Pipko (1967) describe the young patient with
a well defined interdental papilla and high bone septum

which demand a sharp "rooftop" design of two planes, each
modified to resist rotational forces.

In older patients,

with considerably more interdental papillary recession, the
entire rootface is flattened to one plane, then ground

concave from mesial to distal.

Charlton (1967) described

a modified "rooftop" with a 3 mm wide slot from labial to

lingual to accept a prefabricated post-core. This
incorporated complete resistance to rotation.

In some,

caries will provide an unintentional slot which can accept

a cast addition to the post or coping (Holt 1962). Addition
of a ferrule for support of the tooth has also been ad
vocated at various times.

For purposes of this experiment,

we chose to retain a flat surface for standardization and
in order to obtain relative findings.

The posts were inserted at two depths in order to
determine if a statistically significant difference in

reinforcement capabilities existed at these different levels.

Standlee (1972) suggests a minimum depth for post insertion
of 7 mm.

This depth is 2 mm longer than the cutoff point

of 5 mm at which posts retention becomes significantly

less, especially in the case of the tapered post category.

A depth of three-fourths of the length of the root is
considered an ideal depth.

Wheeler (1965) states that the

average length of the root of a maxillary lateral incisor
is 13 mm.

For standardization of technique, three-fourths
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of 13 nun or 10 nun was selected as an ideal depth.
the two depths of insertion were 7 nun and 10 nun.

Therefore,
Four

millimeters of post was left projecting from the root of
the tooth for cementation of a standard crown.

Four

millimeters of sleeve was cemented to the end of the

Endodontic Dowel post.

In the teeth that were intact and

reinforced with a rod, the rod was inserted to a depth of
7 mm and cemented in place.

STANDARD CROWN

For purposes of this experiment, standardized crowns
were constructed for restoration of the dowelled teeth
whose crov/ns had been remo\'ed.

Since all of the rootface

preparations were of a flat design, the crowns all were
fitted to a butt joint.

Wheeler (1965) states that the

average dimensions of maxillary lateral incisor crowns
are 9 mm occluso-gingivally, 6 mm bucco-lingually, and

6.5 mm mesio-distally.

Kis diagram of the mesial view of

the tooth superimposed over a grid shows a lingual tooth
slope of approximately 60 degrees to vertical.

The crowns

were constructed of aluminum rod 6 mm in diameter and were

9.0 mm in length.

One side of the cylinder was machined

60 degrees to vertical to simulate the lingual slope on
which the force is to be applied.

The rootface surface

of the crown has a hole drilled centrally, to accommodate
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the diameter of the posts to be used» with a fit of 0.2 mm
tolerance between the post and dowel for cement.

There was

a 0.2 mm tolerance to accept the sleeve in the case of the
Endodontic Dowel and Sleeve.

All of the crowns were

cemented with Fleck's Zinc Cement under finger pressure.

TEETH

One hundred and ten maxillary lateral incisors were

used for this experiment.

All teeth were freshly extracted

and were stored in water to prevent dessication.

These

teeth were divided into the following categories:
A.

20 teeth:

Intact crowns, unrestored with no
endodontic treatment.

B.

20 teeth:

Intact crowns, unrestored, endodontically
treatment -

C.

10 teeth:

Crown removed, endodontically treated,
restored with a Para-Post at 7 mm and
a standard crown.

D.

10 teeth:

Crown removed, endodontically treated,
restored with a Para-Post at 10 mm and
a standard crown.

E.

10 teeth:

Crown removed, endodontically treated,
restored with an Endodontic Dowel and
Sleeve at 7 mm and a standard crown.
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F.

10 teeth;

Crown removed, endodontically treated,
restored with an Endodontic Dowel and
{

Sleeve at 10 mm and a standard crown.

G.

10 teeth:

Crown removed, endodontically treated,
restored with a Kurer Crown Saver at
7 mm and a standard crown.

H.

10 teeth;

Crown removed, endodontically treated,
restored with a Kurer Crown Saver at
10 mm and a standard crown.

I.

10 teeth;

Intact crown, endodontically treated,
reinforced with a steel rod.

All teeth treated endodontically were filed to a size

40 file, flared, and filled with guttapercha and Grossman's
Sealer.

All of the posts were placed according to the

manufacturer's directions and were cemented in place with
Fleck's Zinc Cement.

The standard crov/ns were cemented in

like fashion.

The teeth were mounted in acrylic plastic blocks with

approximately 3 mm of root structure projecting above the
plastic.

The teeth whose crowns were removed were

sectioned at the level of the cemento-enamel junction on

the labial surface of the tooth in order to standardize the

procedure.

Prior to mounting the teeth, all teeth were

stained with methylene blue dye to insure against fractures

prior to the experiment.

We must acknowledge, at this

point, that acrylic plastic is an unyielding substance, while
a natural tooth is supported by a ligament and bone which

has a certain degree of resiliency to it.

When a natural

tooth is stressed in function, however, this resiliency is

taken up and the tooth is then stressed against an un

yielding support of bone. It is this unyielding medium that
we wish to create in using acrylic plastic.

The stress

that the teeth were capable of withstanding, prior to

breaking, would be relative under these circumstances even
if the actual values differed from the theoretical values
proposed by the literature.
MEASUREMENTS TAKEN

Prior,to stressing the teeth in the dynomometer,

several measurements were taken.

All teeth were radio

graphed from the bucco—lingual direction and from the
mesio-distal direction.

The measurements taken were as

follows:

A..

Overall length of the tooth.

B.

Bvicco-lingual and mesio-distal direction.
1.

On intact teeth:

a.

Width measurements.

At the level of the cervical line
on the labial.

b.

At the level one-half of the way
down the root.

2.

On restored teieth:
a.

Width measurements.

At the ?i.evel of the rootface

preparation.
b.

At the level of the apical end
of the post.

3.

On the teeth with the reinforcing rod;
Width measurements.

a.

At the level of the cervical line
on the labial.

b.

At the level of the apical end of .
the rod.

Remaining dentin thickness measurem.ents:
1.

On intact teeth without endodontic therapy.
a.

At the level of the cervical line:
from the canal to the edge of the
tooth on the buccal, lingual,
mesial, and distal.

b.

At a level one-half of the way down
the root from the canal to the

edge of the root on the buccal,
lingual, mesial and distal.
2.

On intact teeth with endodontic therapy:

a.

At the level of the cervical line
on the labial from the canal to

the edge of the root on the buccal,
lingual, mesial and distal surfaces.
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h.

At a level one-half of the way down
the root on the buccal, lingual,
mesial and distal of the tooth.

3.

On restored teeth:

a.

At the level of the rootface

preparations from the post to the
edge of the root on the buccal,
y

lingual, mesial and distal of the
tooth.

b.

At the level of the apical end of

the post, from the post to the

edge of the root on the buccal,
lingual, mesial and distal surfaces.
4.

On the teeth with the reinforcing rod:
a.

At the level of the cervical line on
the labial, from the rod to the

edge of the root on the buccal,
lingual, mesial and distal of the
tooth.

D.

On the posted teeth, the remaining length of the
tooth beyond the post.

After the preliminary recordings were taken, the teeth
were inserted into the holding device, placed on the staging
device on the dynomometer and loaded until the teeth
fractured.

After stressing, the force required to break

the tooth was recorded.

Also, the location of the break was

recorded to determine if. there was any similarity in
breakage patterns.

CHAPTER 4

RESULTS

A total of four of the one hundred and ten maxillary

lateral incisors had to be discarded and replaced during the

experiment. One of the teeth was stripped while being
threaded with the tapping device included in the Kurer

Crov/n Saver kit.

One tooth became loose in the plastic

mounting block, and the rem.aining two teeth were perforated
while the post preparations were being completed at the ten
millimeter level.

After these teeth were replaced in their

respective places in the procedure, the experiment was
concluded with no other procedural incidents.

After performing the experiment on the one hundred and
ten maxillary lateral incisors selected, the results may be
tabulated as follows:

From the measurements taken, the remaining dentin

(R.D.) thickness used was taken at the lowest
point on the tooth:

A.

Half way down the root in the cases of
teeth with no posts placed.

B.

At the lowest point of post insertion
in the cases where post restorations
were placed.

TABLE A

Mean

Standard
Deviation

Range of Values

20 Untreated, intact teeth<•
Length (mm)

23.18

R.D.-B (mm)
R.D.~L (mm)
R.D.-M (mm)
R.D.-D (nun)
Force (lbs)

2,21
2.20

1.63
1.60
43.00

1.79
.38
.43
.33
.34

12.41

20
-27
1.5- 2.8
1.4- 2.8
1.2- 2.2
1.2- 2.3
20
-67

20 Intact teeth with root canal therapy.

Length (mm)
R,D.-B
R.D.~L
R.D.-M
R.D.-D

(mm)
(mm)
(mm)
(mm)

Force (lbs)

22.70
2.22
2.19
1.34
1.37
25.25

1.76
.32
.29
.23
.22
7.29

19

-26.5

1.5- 2.7

1.7- 3.0
1.1- 1.9
1.1- 1.9
14
-40

10 Teeth with root canal therapy, intact crowns and
reinforced with a rod at 7 mm.

Length (mm)
R.D.-B (mm)
R.D.-L (mm)
R.D.-M (mm)
R.D.-D (mm)
Force (lbs)

23.65
1.58
1.54
1.15
1.21
23.29

1.68
.36
.33
.17
.31
2.35

20.5-26
1.1-2.2
1.0- 2.0
.9- 1.4
.9- 1.8
20
-27

10 Teeth with root canal therapy, restored with a ParaPost at 7 mm and a standardized crown.

Length (mm)
R.D.~B (mm)
R.D.-L (mm)
R.D.-M (mm)
R.D.-D O'lim)
Force (lbs)

24.20

1.20

22

-26

2.11

.27

1.6- 2.6

2.03
1.19

.43
.40

1.19

.28
4.32

1.4- 2.8
.4- 1.7
.7- 1.6
10 -25

17.39

10 Teeth with root canal therapy, restored with a ParaPost at 10 mm and a standardized crown.

Length (mm)
R.D.-B (mm)
R.D.-L (mm)
R.D.-M (mm)
R.D.-D (mm)
Force (lbs)

23.75
1.31
1.90
.88
.97
21.7

1.31
.32
.54
.36
.41
3.43

:2
-26
.8- 1.7

1.2- 2.5
.1- 1.5
.3- 1.7
.7 -27

TABLE A

,

(continued)

Mean

,

.

Standard
Deviation

■Ranqe of Values

10 Teeth with root canal therapy, restored with an

Endodontic Dowel and Sleeve at 7 mm and a standardized
crown.

-

Length (mm)

R.D^-B (mm)
R.D.-L (mm)
R.D.-M (mm)
R.D.~D (ram)
Force (lbs)

22.90

1.68
1.70
1.17
1.12
17.39

1.37
1.37

.27
.27
.49
.49
.27
.27
.34
2.06
2.06

.34

22

--

22
-26
1.21.2- 2.1
.9.9- 2.6
.7.7- 1.7
.5.5- 1.5

15

10 Teeth with root canal therapy, restored with an

Endodontic Dowel and Sleeve at 10 mm and a standardized
crown.

Length (mm)
R.D.-B (mm)
R.D.-L (mm)
R.D.-M (mm)
R.D.-D (mm)
Force (lbs)

23.80
1.41
1.59
.52
.71
18.40

1.13
.48

22

-26
.6- 2.2
1.0- 3.1
.1- 1.1
.3- 1.4
13
-25

10 Teeth with root canal therapy, restored with a Kurer
Crown Saver at 7 mm and a standardized crown.
R.D.-B (mm)
R.D.-L (mm)
R.D.-M (mm)
R.D.-D (mm)

23.40
1.81
1.78
1.21
1.02

1.35
.31
.27
.24
.14

Force

17.20

2.89

Length (mm)

(lbs)

21 -26
1.4- 2.3
1.3- 2.1
.9- 1.7
.9- 1.2
12
-22

10 Teeth with root canal therapy, restored with a Kurer

Crown Saver at 10 mm and a standardized crown.
Length (mm)
R.D.-B
R.D.-L
R.D.-M
R.D.-D

(mm)
Ofan)
(mm)
(mm)

Force (lbs)

23.70
1.76
1.57
1.01
.84
19.80

1.25
.53
.33
.26

.26
1.99

22

-26
.9- 2.7
.9- 1.9
.6- 1.4
.5- 1.3
17
-23
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An analysis of variance was performed on the data to
determine whether there were significant differences among

the groups in the mean force necessary to fracture a tooth.
Tooth type and depth of post insertion v^ere used as design
.variables and tooth length and remaining dentin were used
as covariants.

An alpha level of .05 was used throughout

the analysis.

The teeth in group 1 (untreated, intact teeth) were
shown to be far superior to any of tlie endodontically

treated teeth in any of the restored-or unrestored categories

This group of teeth had a standard deviation almost twice
as large as the next most variable group and five or six
times as Icirge as some of the other groups and thus made a
considerable contribution to the size of the error term in
Table B.

Therefore, all additional analysis was done

omitting the untreated, intact teeth (i.e., group 1).
Table C shows the results of a comparison of Para-Post,

Endodontic Dowel and Sleeve, and Kurer Crown Saver (groups

4, 5 and 6 respectively) , where the depth of insertion was
used as a design variable and the tooth length and
remaining dentin were used as covariants.

At this point a further breakdown seemed in order.
For Table D, the treated teeth were considered in eight

groups, having post restorations divided into separate

groups according to different post depths. In the previous

TABLE B

Analysis of Variance Table
Mean

Sum of
Squares

Square

D.F.

Tooth

Type

3935.73

5

lvs4

2704.26

1

1vs6
lvs5
lvs3

2933.09
2328.33
1374.17

2vs4

145.14

1

2vs6
2vs5
2vs3
lvs2
Cov. 1
Cov. 2
Cov. 3

219.03
158.29
0.09
2655.27
155.44
23.81
8.96

Cov. 4
Cov. 5

37.65
65.94
31.64
4264.77

Cov. 6

Error

;

787.15
2704.26
2933.09
2328.33
1374.17
145.14
219.03
158.29
0.09
2655.27
155.44
23.81
8.96
37.65
65.94

31.64
45.47

9

Cell Indices

0.00
0.00
0.00
0.00
0.00
0.08
0.03
0.07
0.00
0.00
0.07
0.47
0.65
0.36
0.23
0.40

17.31
59.48
64.51
51.21
30.24
3.19
4.82
3.48
0.00
58.40
3.42
0.52
0.20
0.83
1.45
0.70

Predicted Values
41.69
24 .42
24.28
19.82
19.14
18.65

1
2
3
4

From above;
Under source:

1 = Untreated, intact teeth.

2 = Root canal therapy, intact teeth.

3 = Root canal therapy, intact teeth v^ith reinforcing rod.
4 = Root canal therapy, Para-Post with crown,

5 — Root canal therapy, Endodontic Dowel and Sleeve, with
crov/n.

6 = Root canal therapy, Kurer Crown Saver and a crown.
Cov. 1 = Depth of post in tooth.

Cov. 2 = Length of tooth (overall).

Cov. 3 — Remaining dentin (buccal surface) at the apical end
of the post.

•
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Cov. 4 = Remaining dentin (lingual surface) at the apical end
of the post.

Cov. 5 = Remaining dentin (mesial surface) at the apical end
of the post.

Cov. 6 = Remaining dentin (distal surface) at the apical end
of the post.

With 1 and 96 degrees of freedom (D.F.) the value for
significance (F value) is

4.00.

TABLE C

Analysis of Variance Table
Mean

Sum of
Source

Squares

D.F,

Square

Ll

Tooth

Type

28.18

2

14.09

1.52

52.51

1

52.51

5.67

6.52
10.19
1.40
48.17
44.01
454.19

1
1
1
1
1
49

6.52
10.19
1.40
48.17
44.01
9.27

0.70
1.10
0.15
5.20

Depth of
Insertion
Tooth

Length
R.D.-B

R.D.-L

R.D.-M
R.D.-D
Error

Cell Indices

4.75

Predicted Value

4
5

19.72

6

18.16

18.07

From above:

With 1 and 49 degrees of freedom, the value
4.00.
significance (F value) is

for

0.31
0.29
0.63
0.03
0.03

TABLE D

Analysis of Variance Table
Mean

Sum of

Squares

Source

D.F.

Square

P^

Lr

Tooth

Type

741.09

7

105.87

lvs2
2vs3
lvs4
lvs5
lvs6
lvs7
IvsB

4.89

1
1

4.89
369.93
26.29
246.81
69.93
307.84
93.22
19.18

369.93
26.29
246.81
69.93
307.84
93.22
1476.77

Error

1
1

1
1
1
77

Cell Indices

5.52
0.25
19.28
1.37
12.86
3.64
16.05
4.81

0.02
0.45
0.00
0.25
0.00
0.06
0.00
0.03

Predicted Value
24.75
23.68
16.56
21.98
17.70
19.54
16.86
19.85

From above:

Root
Root
Root
Root
Root

canal
canal
canal
canal
canal

therapy,
therapy.
therapy.
therapy.
therapy,

intact teeth.

intact teeth with reinforcing rod.
Para Post at 7 mm and a crown.
Para Post at 10 mm and a crown.
Endodontic Dowel and Sleeve at

7 mm and a crown.

Root canal therapy, Endodontic Dowel and Sleeve at
10 mm and a crown

Root canal therapy, Kurer Crown Saver at 7 mm and a
crown.

Root canal therapy, Kurer Crown Saver at 10 mm and a
crown.

With 1 and 77 degrees of freedom, the value for significance
(F value) is 4.00.
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calculations both deipths had been included in a single

group labeled by the respective post name, while depth was
considered a covariant.

Along with the tabulated results, several other

interesting observations were made.

Upon fracturing, the

great majority of teeth fractured in similar fashion.
Untreated, intact teeth fractured from the area of contact

on the cingulum, downv/ard and labial such that the labial
margin of the fracture was 1 to 2 mm below the level of the
plastic block (Fig. A).
in this manner.

Seventeen of twenty teeth fractured

The remaining three teeth had shattered

crowns, all fractures being above the level of the plastic.
The teeth vrith root canal therapy, but v?ithout any reinforce
ment, fractured similarly to the untreated, intact teeth.

The lingual margin of the fractures, however, was almost

always the apical point of the access opening into the
lingual surface of the incisors.
similar to the untreated group.

The labial margin was
It was usually 1 to 2 mm

apical to the labial plastic (Fig. B).
twenty teeth fractured this way.

Eighteen out of

The remaining tv70 teeth

had shattered crowns, all fractures being above the level
of the plastic.

The group of teeth with the reinforcing rod inserted

into the er.dodontically treated, intact crowns fractured in
a different manner from the unreinforced teeth.

The lingual

of the incisors fractured at the access openings, but the
labial surfaces of the roots fractured off considerably
below the level of the plastic and seemed to correspond to

the apical end of the rod (Fig. C).

The rod fractured out

of the root and remained with the coronal portion.

out of ten teeth fractured this way.

Seven

One of the remaining

teeth had a shattered crown with the post fracturing out,
with all fractures rem.aining above the plastic.

The other

two teeth had the rods remain in the teeth, while the crowns

shattered into many pieces.
The teeth with post reinforcement and standardized
crowns fractured in a very uniform manner (fifty-nine of

sixty teeth).

The standardi.zed crown, V7ith the post

cemented into it separated from the block, with the labial
root surface splitting away from the rest of the tooth.
The roots were split vertically in the area of the post

insertion and this split went apically curving labially

in approximation to the apical end of the post (Fig. D).
In the one tooth that did not fracture in this manner, the

lingual portion of the root broke in like manner to the
labial fractures.

At no time, in this experiment, did the

crowns and/or posts fracture away from their preparations
by failure of their cementations.

if
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CHAPTER 5

DISCUSSION

The purpose of this experiment, as stated earlier, was
to functionally test several common post techniques.

The

results of the statistical analysis of these tests are

interesting in light of the reported concepts of post function
described in the literature review section.

Hirschfeld

(1972) summed up the concepts best when he said that because
of the lack of moisture, the crown of an endodontically
treated tooth is more brittle than a normal tooth.

Since

the resistance of the tooth is compromised, the "post and

core provides the necessary strength as well as proper
retention".

Rosen (1961) also concurred with this thought

when he described the post as the "crutch and brace" for
the endodontically treated tooth.

He stated that a post

gives the tooth the "strength to withstand mastication .
Perel and Muroff (1972) felt that all single rooted teeth
should be reinforced with posts and that all multirooted
teeth should at least be considered for reinforcement.

Let us now consider the concept of post reinforcement

of teeth using the analytical results from the experi
mental data.

Table B shows a comparison of all of the

data listed in Table A, based on an analysis of the

variations between the groups of teeth.

The F statistics

show us if there is a significant difference between the

different categories.

In this case, any F value above the

number 4.00 is significant.

These statistics are all, of

course, at the 5 percent level.

It is obvious that none

of the treated teeth (reinforced or not) came close to the

control group category of untreated intact teeth (their
F values from 30 to 64 are tremendously significant). This

result was, of course, expected since nothing in restorative
dentistry is really as good as Mother Nature's own products.
The second part of the control groups of teeth were the

intact, endodontically treated teeth with no restorations

(intact, treated teeth). By fracturing these, we established
a lower limit of treated tooth strength.

The theoretical

concept behind this group was to establish a range of forces
that the lateral incisors could withstand.

This range may

be gleaned from Table A. The mean fracture force for the
intact, untreated teeth was 43.00 pounds, while the mean
fracture force for the intact, treated teeth was 25.25

pounds. A 95 percent confidence interval for the mean of
the treated, intact teeth is 21.84 to 28.66.

This

confidence interval means that a value for the force of
fracture of the treated, intact teeth could be above or

below these values only 5 percent of the time. Since it

was assumed prior to the experiment that posts reinforced
teeth, it would be expected that intact, treated teeth

would be the weakest category tested. In other words, it

y;as expected that the lower limit of forces required to
fracture teeth would be 21.84 pounds, and that any .values
lower than this.would only occur by chance.

Table B

demonstrated that this assumption was, in fact, in error.

In fact, the categories of restored teeth fared worse than
the treated intact teeth.

The intact treated teeth required significantly more
force than did the teeth restored with the Kurer Crown

Saver placed at any level. Furthermore, the intact,
treated teeth required more force than did either the ParaPost reinforced teeth or the Endodontic Dower and Sleeve
reinforced teeth.

These statistics are borderline

significant. The treated, intact teeth were statistically
indistinguishable from the intact, treated teeth with a
reinforcing rod added. It may, therefore, be stated that
the tested posts do not reinforce an endodontically treated
tooth. They may, in fact, weaken the teeth further. This
weakening may be stated as borderline significant.
Table B shows one other factor which is borderline

significant. This factor is covariant 1 which is the depth
of insertion of the post.

Length is one of the major

concerns of post design.

Baker (1960) suggested that

two-thirds to three-fourths of the root length is acceptable

for post length. In accord are Gerstein (1964), Christy

and Pipko (1957), and Pickard (1964).

Burnell (1965)

advocated a post hole of four-fifths of the root length.
Rosen (1961) and Kooley (1967) recommended a post hole

length equal to the gingivo-incisal length of the clinical
crown.

The data from this experiment seems to support these

observations; namely, longer is better.

Table C shows the

analysis of variance which significantly supports this
conclusion.

The control category of untreated, intact

teeth was omitted from this analysis because of the great
difference in its standard deviation from the other groups.

As stated earlier, this category's standard deviation is at

least twice that of any other.

By omitting it, we will

obtain more meaningful information.
Table C demonstrated that covariant 1 (depth of

insertion) is highly significant.

The other interesting

items, that showed up in this section of analysis, are the
mesial and distal remaining dentin thicknesses.

These

thicknesses are statistically significant v/hen compared to

post fracture potential.

We may now state that the depth

to which a post is inserted into a tooth is a very important
consideration:

The deeper the insertion, the better the

potential for support.

The importance of the mesial and

distal thicknesses of remaining dentin may lie in the

tensile strength of dentin.

Standlee (1972) reported that

there is a concentration of stresses on the post shoulder

area of the tooth.

It is entirely possible that this stress ■

is transmitted as leverage to the dentin at the apical portion

of the post, with the post shoulder as the fulcrum point. If

this possibility exists, then the mesial and distal dentin
tensile strength is all that might* resist that force.

In

this respect, the thicker the dentin remaining in this area
after post preparation, the more tensile forces it may
withstand, therefore, giving the post more reinforcement
capabilities.

It is interesting to note that the intact, treated tooth

with no post reinforcement is the best compromise over the
untreated, intact tooth. The clinical situations encountered
daily in dental practice do not allow the practitioner to
leave endodontically ti^eated teeth alone in many instances.
The facts show us that quite often the coronal tooth

structure is partially or totally missing.

Whether or not

the post reinforces the tooth is an academic question in
these situations.

The question, then, becomes one of which

post will reinforce the tooth to the best possible advantage.
Table D is an analysis concerned with differences

between the various posts and their various depths of
insertion.

Since the best compromise situation is an

intact, treated tooth with no post, the question asked

analytically was, which posts are not significantly different
from the endodontically treated, intact teeth with no post

:-#%V"

support. In Table D, a significant F value means that the
post in question is significantly worse than the treated,
intact tooth. , All posts at the 7 mm depth were significantly
worse.

The Kurer Crown Saver at 10 mm was significantly

worse also.

The Endodontic Dowel and. Sleeve at 10 mm

compared with the treated, intact tooth shows us a borderline
significance and the Para-Post at 10 miB was not significantly
different.

The intact, treated tooth with the reinforcing

rod, also, was not distinguishable from the intact, treated
tooth.

Statistically, it may then be stated that the Para-

Post at 10 mm was the best choice for reinforcement, the

Endodontic Dov;el and Sleeve at 10 mm was the second choice,
and that all of the remaining categories were significantly
worse in tliair reinforcement capabilities.

At this point, it must be acknowledged that there was
no test performed on a reinforcing rod placed at 10 mm.
None of the analyses have distinguished between the intact,
treated tooth and the intact, treated tooth reinforced with

a rod.

Since they are statistically indistinguishable, the

use of the rod seems unnecessary.

By extrapolation, the

rod at 10 mm might be somewhat more supportive, but in

light of the fact that none of the posts were better than
the tooth left alone, it is doubtful that its use would
outweigh its risks in usage.

The fracture location of the various groups of teeth

add an interesting element to post restoration procedures.

In the categories where posts were not used, clinical crowns
fractured off, but in sucVi a way that the teeth were still

reparable;

Only one or two millimeters of structure below

the facial gingiva were fractured.

The categories of teeth

with post restorations fractured on the buccal surface, in
most cases, a considerable distance apically to the facial

gingiva.

These fractures are much more likely to end up as

extractions, since the possibility of repairing these teeth
without the creation of a periodontal defect is very difficult,
at best.

It seem.s reasonable, at this point, to state that

since posts do not seem to reinforce endodontically treated
teeth, they should be considered for use only if there is
need for crown retention.

To use them to guard against

fracture of the treated teeth seems unwarranted v/ith respect

to the evidence presented here.

If a crown may be retained

without a post, it would be preferable. If the crown did
fracture, the damage would still, in most instances, be

reparable.

Also, due to the undesirable nature of the

fractures, the use of the reinforcing rod should be
avoided (It is not significantly different from the

treated, intact tooth and its fracture location is much
worse).

The statistical analysis of the experimental results of

this project demonstrate several factors concerning post
reinforcement of teeth:

1.

The posts tested do not reinforce teeth; they
may, in fact, weaken .them.

2.

The depth of post insertion is important:

The

deeper the better.

3.

The remaining dentin between the post apex
and the outer surface of the root on the

mesial and distal aspects is important.

4.

If a post is necessary for retention, the
Para-Post is the one of choice, according
to those tested here.

5.

The use of a i'einforcing rod in intact teeth
should be avoided.

The results of this project suggest several new
questions for further research;

1.

Is a precision casting better than a stock
post?

2.

(No castings were used here)

Does diameter of the post make a difference?

(All of these posts were of the same diameter)
3.

Is there a maximum length beyond which a post
offers no further support?

4.

Would a ferrule on the post or crown offer
better support?

5. If posts do not reinforce teeth, should they
be used in posterior teeth if not needed for
retention?

6.

Is there a remaining dentin thickness limit
that is important, for strength?

7.

Since the reinforcing rod is needless in intact

teeth, is it of any value when placed through
a tooth with full coverage that received
endodontic therapy subsequent to crov/n

placement?

Answers to these questions will be very enlightening.

GliAPTER 6

SUMMARY

Research was undertaken in order to functionally test

the reinforcement capabilities of several commonly used,

standard manufactured posts.

One hundred and ten maxillary

lateral incisors were mounted in plastic, reinforced with

the posts at different levels and then restored with
standardized crowns.

These teeth along with control groups,

were then placed in a custom mounting jig which properly

positioned them for the stress testing. The forces required
for fracturing these teeth were recorded and subsequently
analyzed.

The statistical analysis of the experimental results

demonstrated that posts do not reinforce teeth as supposed;

they may, in fact, weaken them. Analysis also demonstrated
that the depth of post insertion is a significant factor in

support, as is the remaining dentin thickness between the
post apex and the outer surface of the root on the mesial
and distal.

Of all of the posts and depths tested, none

came close to the natural tooth and few supported loads as

well as endodontically treated, intact teeth with no

reinforcement.

The best approximation of support came from

Para-Post system reinforcement, placed at the 10 millimeter

depth.

The use of a reinforcing rod in intact teeth, was

found to be a needless procedure.
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